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This is the first report of a series of studies of
the biochemical Composition of human epidermis.
Present chemical knowledge is somewhat frag-
lnentary and incomplete, largely due, no doubt,
to the general difficulty in obtaining sufficient
quantities of suitable human tissue.
The scope of this initial investigation has been
limited to the determination of the free amino
acids, total, non-protein, urea, and ammonia
nitrogen in human epidermis. Each of the above
analyses was done on every post-surgical and
post-mortem specimen.
The purposes of this study are (1) to compare
post-surgical with post-mortem human epidermis
in order to determine the validity of using easily
acquired post-mortem material, and (2) to
establish base-line values for the common nitro-
gen-containing components of human epidermis.
METHODS
Specimens. Post-surgical skin specimens,
usually radical mastectomies, were immediately
processed or frozen and stored. Autopsy material
(6—24 hours), 2 by 12 inch strips of skin tissue
usually taken from the abdominal area, were
similarly processed.
Each specimen was mechanically trimmed of
subcutaneous fat and placed on a warm plate main-
tained at 50°C. The surface temperature of the
skin specimens was usually between 30° to 35° and
never exceeded 40°. The epidermis was removed
by scraping with a scalpel using the method de-
scribed by Baumberger, Suntzeff, and Cowdry (1).
The average yield of epidermis was approximately
20 mg. per square inch. The epidermis was rapidly
weighed on a torsion balance and immediately
processed or frozen and stored.
Paper Chromatography. Approximately 75mg. of
wet epidermis was placed in a glass homogenizer
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containing 3 ml. of 70 per cent ethanol and ground
to a uniform suspension. After centrifugation, the
supernatant was decanted, divided into two equal
portions, and each portion evaporated to dryness
by gentle heat from infra-red lamps and a stream
of air.
A. Free Amino Acids. The residue from one ali-
quot was taken up in a few drops of water and ap-
plied 6 cm. from adjacent sides of a sheet of What-
man #1 filter paper, 18 x 22 inches. This was
accomplished by first applying 0.02 ml., allowing
it to dry with the aid of heat and air, and again
applying and drying until completion. Following
the application of the entire residue and washings
from the container, the area was wetted with 0.02
per cent ammonium molybdate, dried, and again
wetted with 30 per cent hydrogen peroxide, per-
mitting a better detection of cystine and methio-
nine.
B. Peptide Amino Acids. The residue of the sec-
ond aliquot was taken up in 2 ml. of 6 N hydro-
chloric acid, transferred to a pyrex test tube then
sealed by flame and heated for 24 hours in a drying
oven at 110°. The hydrolysate was then evaporated
to dryness under heat and air, stored over sodium
hydroxide in a desiccator overnight, and applied
to filter paper as described above for the free
amino acids.
C. Chromatography. The papers were chromato-
graphed two dimensionally in water-saturated
phenol and water-saturated lutidinc as described
by Consden, Gordon, and Martin (2) and modified
by Dent et at. (3, 4). The amino acids were visual-
ized by spraying the papers with 0.1 per cent
ninhydrin in n-butanol.
Total Nitrogen. A weighed amount of wet epi-
dermis, in the range of 75mg., was placed in a glass
homogenizer. Water was added to make a final
volume of 3.5 ml., the specimen was ground to a
uniform suspension, and used for the assay of
total, urea, and ammonia nitrogen. Suitable blanks
and controls were included in each series.
One ml. of the homogenate was transferred to a
10 ml. Kjeldahl flask to which was added 1.5 ml. of
digestion mixture (0.04 per cent selenium oxychlo-
ride in concentrated sulfuric acid). Digestion was
continued for 60 minutes after complete oxidation
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of the carbon. The digestion was transferred to a
semi-micro Kjeldahl pump, and steam distilled
into boric acid contaioiog bromeresol green and
methyl red. Each distillate was titrated with 0.01
N hydrochloric acid.
Urea Nitrogen. One ml. of homogenate, 1.0 ml.
of 0.1 M phosphate buffer (pH 6.5), and 0.2 ml. of
urease solution (10 mg. of Sigma Type II) were
incubated for 1 hour at 37°. A 2 ml. aliquot of the
incubation mixture was transferred to the outer
well of a Conway diffusion dish containing 1.5 ml.
of absorbing solution (described above) in the
inner well. The lid, previously coated with a par-
affin-vaseline mixture known to be non-absorbent
for ammonia, was placed so that only a slight open-
ing remained. The dish was tilted slightly so that
1 ml. of saturated sodium carbonate could be intro-
duced without directly mixing the solutions. The
lid was than immediately closed, and the solutions
were mixed by gentle rocking. Great care was
taken to prevent any splashing into the inner well.
Diffusion was allowed to proceed for 16 to 24
hours. The trapped ammonia in the inner well was
titrated with 0.005 N hydrochloric acid delivered
from a micro-burette in which the smallest calibra-
tion corresponds to 4.96 X 10 ml. The blanks were
made up of corresponding ammonia nitrogen
values.
Ammonia Nitrogen. One ml. of homogenate was
transferred to the outer well of a Conway diffusion
dish and processed as previously described for
urea nitrogen.
Trichloracetic Acid (TCA) Soluble Nitrogen
(NPN). One ml. of homogenate was added to 5.0
ml. of 6 per cent TCA. This was mixed and allowed
to stand at room temperature for 20 minutes, and
than centrifuged at 2500 rpm for 15 minutes. The
supcrnatant was decanted, and 5.0 ml. were trans-
ferred to a 30 ml. Kjeldahl flask. Further process-
ing was identical to that of the total nitrogens
except that 0.005 N hydrochloric acid was used for
the titration.
RESULTS AND DISCUSSION
Free Amino Acids. The paper chromatographic
pattern of free amino acids was very similar to
that of mouse epidermis reported by Roberts
and Frankel (5). In human epidermis, however,
there is more cystinc and methionine, less taurine,
less arginine and lysine, and the presence of a
compound which is either citrulline or beta-
alaninc. Figure íA is a typical free amino acid
pattern obtained from post-surgical human
epidermis. The identity of the spots has been
described by Roberts and Tishkoff (6) and re-
produced in "Physiology and Biochemistry of the
Skin" by Rothman (7). This chromatograph
indicated the presence of the following amino
acids: aspartie acid, glutamic acid, "under-
glutamic acid", glyciae, serine, cystine as cysteic
acid, taurine, threonine, alanine, glutamine,
citrulline or beta-alanine, arginine, lysine, proliac,
methioninc as methionine sulfone, valine, leucine,
and tyrosinc. Phenylalanine and histidine which
are occasionally seen are not apparent on this
chromatograph. Proline does not reproduce well
photographically because of its yellow color.
The overall concentration of amino acids par-
alleled the non-protein nitrogen levels.
Figure lB is an example of a hydrolyzed
specimen, and indicates the presence of peptides
not reactive with nin.hydrin. Large increases are
shown in aspartic acid, glutamic acid, serine,
and in arginine and lysine. Smaller increases are
seen in cystine, valinc and leucine. A spot in the
position of iodotyrosine appears only after acid
hydrolysis, and at the same time glutamine and
the peptide called "undcr-glutamic acid" dis-
appears.
Figure 2 is a typical free amino acid pattern
of post-mortem human epidermis. There were
comparatively little differences between surgical
and autopsy epidermal samples except for the
visibility of histidine and phenylalaninc which
occasionally appear and are seen on this chro-
matograph, and for the presence of a spot thought
to be hydroxylysine.
Nitrogen. Table I lists the data found for total,
urea, ammonia, and triehloraeetic acid soluble
nitrogen of human epidermis from post-surgical
and post-mortem cases.
A. Total Nitrogen. The values of 4.8 per cent
for post-surgical and 4.5 per cent for post-
mortem human epidermis are similar to the
value of 4.56 per cent for mouse epidermis,
reported by Roberts and Frankel (8).
B. TCA Soluble Nitrogen (NPN). The tn-
chloracetic acid soluble nitrogen (non-protein
nitrogen) results obtained in this study, 0.57
per cent for post-surgical epidermis and 0.59
per cent for post-mortem epidermis, appear to be
slightly lower than the 0.79 per cent reported
for mouse epidermis by Roberts and Frankel (8).
This in itself is not significant since it is known
that the precipitation of protein from a complex
mixture is subject to variation dependent some-
what upon the manner in which it was done. It
is significant, however, that the post-surgical
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FIG. 2
TABLE I
and post-mortem NPN values are essentially
identical. This probably indicates that autolysis
of human epidermis proceeds at a very slow
rate or is considerably delayed.
C. Urea Nitrogen. The urea nitrogen value
of 38 mg. per cent was obtained in the study of
post-surgical human epidermis, and agrees with
the value of 33 mg. per cent report by Roberts
and Frankel (9), whereas the value of 80 mg.
per cent obtained in post-mortem specimens is
significantly elevated.
Although there is some supporting evidence
Total, non-protein, urea, and ammonia nitrogen values for human surgical and post-mortem epidermis
Test
Surgicals Post-Mortem
Number of
Specimens Value
Number of
Specimens Value
Total Nitrogen
Non-Protein Nitrogen
Urea Nitrogen
Ammonia Nitrogen
43
42
40
38
4.8*
(4.0—5.6)
0.57*
(0.37—0.77)
38t
(17—59)
19f
(12—26)
46
45
34
48
45*
(3.9—5.1)
0.59*
(0.40—0.78)
80f
(53—107)
21t
(11—31)
* Total and non-protein nitrogen in grams of nitrogen per 100 grams fresh weight.
f Urea and ammonia nitrogen in milligrams of nitrogen per 100 grams fresh weight.
S
/
-S MC!'IEW #Lt II - Nar- pgesr .,.$,$,
at "i n7 wt
NITROGENOUS COMPOSITION OF HUMAN EPIDERMIS 87
in its favor, the aeutal synthesis of urea in
epidermis has yet to be proved. The existence
of arginase activity in epidermis described by
Roberts and Frankel (8), Van Scott (10), and
Mardeshev (11), the presence of eitrulline and
ornithine (12), and of arginine and urea offers
supporting evidence in favor of the operation of
the Krebs-Henseleit cycle. Further, Van Scott's
(10) report of the lack of arginase activity in
sweat, suggests that urea in human epidermis
is not a deposition product. The elevated urea
level in post-mortem human specimens reported
in this study is not inconsistent with the concept
of urea synthesis in epidermis.
D. Ammonia Nitrogen. The findings of 19
mg. per cent ammonia nitrogen for post-surgical
and 21 mg. for post-mortem human epidermis
are in good agreement with the previous reports
of 24 mg. per cent in both human and mouse
epidermis by Roberts and Frankel (9). The
fact that the post-mortem ammonia level is not
elevated is not contradictory to the concept of
ammonia removal in the formation of urea
through the Krebs-Henseleit cycle.
CONCLUSIONS
Two conclusions may be drawn from this
study of the nitrogenous contents of human
epidermis. First, evidence is presented which is
consistent with the concept that urea is syn-
thesized in human epidermis. Secondly, skin
obtained at autopsy may be used for the study
of certain areas of nitrogen metabolism.
It seems reasonable to speculate that the
ammonia level of post-mortem epidermis would
be higher than post-surgical specimens unless
it were removed. The levels in both types of
specimens, however, were identical, and it is
not inconceivable that the ammonia in epidermis
is removed during the formation of urea. It
must follow, then, that if urea is being formed,
and there is no means for its elimination, the
level in post-mortem epidermis would rise.
The second factor, that of using autopsy
material as a source of epidermis in this in-
vestigation, would most certainly have been
invalidated if autolysis had taken place to any
great extent. It is readily apparent from the
similarity of the non-protein nitrogen values and
from the essentially identical free amino acid
patterns in both post-surgical and post-mortem
specimens that this did not occur.
Further evidence in subsequent reports on
other chemical constituents and enzymatic ac-
tivities in post-surgical and post-mortem speci-
mens will be presented which will substantiate
the conclusion that autopsy material may be
used to study certain aspects of the biochemistry
of human epidermis.
SUMMARY
1. A study has been made of the total nitro-
gen, non-protein nitrogen, urea, and ammonia
content, and the free amino acids in post-surgical
and post-mortem human epidermis.
2. The free amino acid patterns of post-
surgical and post-mortem human epidermis,
studied by filter paper chromatography, were
essentially identical.
3. The values obtained for the total nitrogen
and ammonia content of post-surgical and post-
mortem epidermis were very similar to those
reported in the literature. Furthermore, there
was no significant difference between the values
found for the post-surgical and autopsy speci-
mens.
4. The value for urea nitrogen found in post-
surgical human epidermis agrees with that
reported in the literature. The post-mortem
value, however, was considerably higher. This,
in conjunction with the lack of increased ammonia
nitrogen, is interpreted as being consistent with
the concept that urea is produced in epidermis
through the action of the Krebs-Henseleit cycle.
5. The TCA soluble nitrogen (NPN) levels
for human epidermis are slightly lower than
those previously reported in the literature.
The similarity between post-surgical and post-
mortem values, however, indicates that autolysis
is either very slow or markedly delayed.
6. The similarity between post-surgical and
post-mortem results in this study indicates that
autopsy material may be used for the study of
certain aspects of the nitrogen metabolism of
epidermis.
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